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Abstract

Soils perform a number of essential functions affecting management goals. Soil functions were assessed by measuring
physical, chemical, and biclogical properties in a regional assessment of conventional (CON) and alternative (ALT)
management practices at eight sites within the Great Plains. The results, reported in accompanying papers, provide excellent
data for assessing how management practices collectively affect agronomic and environmental soil functions that benefit
both farmers and society. Our objective was to use the regional data as an input for two new assessment tools to evaluate
their potential and sensitivity for detecting differences (aggradation or degradation) in management systems. The soil
management assessment framework (SMAF) and the agro-ecosystem performance assessment tool (AEPAT) were used to
score individual soil properties at each location relative to expected conditions based on inberent soil-forming factors and to
compute index values that provide an overall assessment of the agronomic and environmental impact of the CON and ALT
practices. SMAF index values were positively correlated with grain yield (an agronomic function) and total organic matter
(an agronomic and environmental function). They were negatively correlated with soil nitrate concentration at harvest
(an indicator of environmental function). There was general agreement between the two assessment tools when used to
compare management practices. Users can measure a small number of soil properties and use one of these tools to-easily
assess the effectiveness of soil management practices. A higher score in either tool identifies more environmentally and
agronomically sustainable management. Temporal variability in measured indicators makes dynamic assessments of
management practices essential. Water-filled pore space, aggregate stability, particulate organic matter, and microbial
biomass were sensitive to management and should be included in studies aimed at improving soil management. Reductions
in both tillage and fallow combined with crop rotation has resulted in improved soil function (e.g., nutrient cycling, organic

C content, and productivity) throughout the Great Plains.
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Introduction

Soils perform numerous functions in support of agro-
ecosystems. They provide a substrate for supporting plant
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SMAF is an additive, non-linear indexing tool for
assessing soil function'?. Soil indicator values for the
0-75cm and 7.5-15cm depths were averaged and
converted to index values using scoring curves that relate
soil indicators to essential functions performed by soils.
Scoring curves take the general forms of less is better (e.g.,
bulk density), more is better {e.g., organic C), or a local
optimum (e.g., pH). The tool changes the scoring curves’
inflection points and thresholds to account for differences in
expected ranges due to inherent soil properties, climate, and
crops. Scoring curves available in the most recent version
of SMAF and measured at all sites in this study included
physical (macro-aggregate percentage and bulk density),
chemical [total organic C, electrical conductivity (EC),
and pHJ, and biological [microbial biomass C, microbial
quotient (relationship between microbial biomass C and
mineralizable C), and potentially mineralizable N] soil
properties. These soil properties are indicators of soil
functions (e.g., nutrient reservoir and substrate for plant
growth) related to agronomic production. Indicator scores
were summed to generate an index value. Increasing index
values denote increasing levels of soil function. We
hypothesized that greater index values were associated
with increased agronomic yield.

The CON and alternative (ALT) management systems at
each location were compared using the calculated SMAF
index values for each replication of both treatments at each
sampling date. Analysis of variance was used to detect
treatment, sampling time, and treatment x sampling time
effects on index values. Effects were considered significant
at £<0.10. Correlation between SMAF index values and
agronomic (grain yield) and environmental goals (nitrate
concentration and organic matter content) were also
calculated to determine the utility of using this index to
assess management goals.

AEPAT is a performance-based assessment tool that
utilizes user-selected scoring curves and weights to
generate index values'’. Measured indicators are assigned
to agro-ecosystem functions. Weights are given to indi-
vidual indicators based on the user’s perception of the
influence that indicator has on the assigned agro-ecosystem
function. Weighted indicator scores are combined to
generate an agro-ecosystem function score. Weights are
also given to the agro-ecosystem functions based on the
user’s perception of the influence the functions have on
agro-ecosystem sustainability. Weighted agro-ecosystem
function scores are combined to generate a score for
comparing management practices. To compare CON to
ALT management at each site, food production and nutrient
cycling functions were used to generate an AEPAT score:

AEPAT score = (food production x We) "
+ (nutrient cycling x W)

For the AEPAT assessment, the food production function
was assigned a weight (Wy,) of 75% and the nutrient
Cycling function a weight (W,.) of 25% to reflect the
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importance of productivity and uncertainty of nutrient
cycling to most land managers. Soil pH and spring
nitrate-N concentration were the indicators assigned to
the food production function. Soil pH was assigned a
weight of 40% and spring nitrate-N g2 weight of 60%.
Spring nitrate-N was assigned a sli ghtly higher weight since
N is the fertilizer nutrient most commonly limiting crop
production in the Great Plains. Soil pH was included in
the scoring function because pH serves as a sensitive
indicator for inefficient N fertilizer use and pPH values
outside the optimum range strongly influence plant
availability of several essential] nutrients. A threshold
value sigmoidal scoring curve was selected for the soil
pH indicator with an optimal value of 6.5 in wheat
(Triticum aestivum L.)-based systems and 6.3 in com
(Zea mays L.)-based systems. A higher is better logistic
scoring curve was selected for the spring nitrate-N scoring
curve with an optimal value of 200 kg ha™ and a lower
bound of 1kg ha™.

Fall nitrate-N and organic C were selected as indicators
for the nutrient cycling function to reflect the environ-
mental importance of nitrate-N leaching losses and
the agronomic importance of organic matter in nutrient
cycling and soil structure in these systems. Fall nitrate-N
and organic C were weighted equally at 50% for assess-
ments at Fargo, Brookings, and Mead. Equal weights were
assigned due to the need to maintain organic C and to
minimize fall nitrate-N concentration to reduce the
potential for leaching losses at these sites. Fall nitrate-N
was assigned a weight of 25% at the other locations because
of the reduced potential for leaching at these semi-arid
sites. Organic C was assigned a weight of 75% to reflect the
importance of organic matter in nutrient cycling and soil
structure in these systems. A lower is better exponential
scoring curve with an optimal value of 1 kg ha™ and an
upper bound of 200 kg ha™ was selected for the soil fall
nitrate-N indicator. A higher is better logistic ¢me with
an optimal value of 110 Mg ha™ and a lower bound of
20 Mg ha™' was selected for the organic C scoring curve.

Comparisons of food production function, nutrient
cycling function, and AEPAT scores- for : contrasting
management practices at each location were performed
using scores calculated for each year and eachf replication.
Analysis of variance was used to determine differences
among index values between treatments and among years
for each location. Differences were considered significant

at P<0.10.

Results and Discussion
SMAF index values

Differences between treatments for SMAF index values
were observed at Fargo, Mandan, Mead, and Swift Current
(Table 2). At these four locations, SMAF index values
(Fig. 1) for the ALT treatment were greater than those for
the CON treatment. At Fargo, Mandan, Mead, and Sidney,
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Figure 2. Soil management assessrent framework (SMAF) index values as a function of t
bars represent +1 SEM. Sampling times correspond to preplant

9, and 12.

Table 3. Conrelation between soil management assessment framework (SMAF
environmental soil functions.
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Location Yield! Nitrate-N? Total Organic C’
Akron, CO 0.21 (0.687)" 0.15 (0.775) ~0.14 (0.793)
Brookings, SD ~0.63 (0.179) 0.85 (0.033) 0.01 (0.985)
Bushland, TX n.d. ~0.94 {0.005) -0.10 (0.853)
Fargo, ND 032 (0.533) —~0.61 (0.082) 0.70 (0.035)
Mandan, ND 0.89 (0.017) ~0.24 (0.537) 0.97 (<0.001)
Mead, NE ~0.27 (0.607) —0.89 (0.002) .86 (0.003)
Sidney, MT ~0.41 (0421 ~0.91 (0.001) 0.07 (0.862)
Swift Current, SK 0.79 (0.061) ~0.28 (0.595) 0.74 (0.091)

! Ct)nelatlon between index values averaged across sample times within a year and annual yield.

Corrclatmn between index value and nitrate-N concentration at planting.
Forrelanon between index values and total organic C content averaged across sampling times within a year.

* Values in parenthesis are P-levels for the correlation analysis.
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Figure 4. Correlation of soil management assessment framework (SMAF) index values and soil nitrate content at harvest for five sites in

the Great Plains. See Table 3 for correlation coefficients.
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Figure 5. Correlation of soil management assessment framework (SMAF) index values and soil organic C content for four sites in the

Great Plains. See Table 3 for correlation coefficients.
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